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THE ROLE OF TYPE V SECRETION AUTOTRANSPORTERS 

IN THE VIRULENCE OF XYLELLA FASTIDIOSA 
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ABSTRACT 

.H5)5+28B4)+51+B"2+1"0H/5,!*)02,8"4+)51,8B"5M25"2+1"+1B4)8B,I/1"C)+"B1;+15,8-"2"B,8-/1"B41;,C,;"4)/>4145,*1"P42BB18-1+"

*)02,8Q"2;+)BB"5M1")H51+"010I+281")C"a+20!81-25,91"I2;51+,26""E2B1*")8"-18)0,;"282/>B,B<"5M1+1"2+1"B,U"010I1+B")C"5M1"

.L!$"2H5)5+28B4)+51+"C20,/>",8"Xylella fastidiosa"PXfQ"L101;H/2"$"PXf!=3Q6""@)B5")C")H+"N)+F"*H+,8-"5M1"41+,)*"H8*1+"+19,1N"

M2B"C);HB1*")8"=3Oe%#"28*"=3$&WY<"5M1".L!$"2H5)5+28B4)+51+B"NM)B1"42BB18-1+"*)02,8B";)852,8"528*10"+14125B")C"2"eO!hO"

20,8)"2;,*"0)5,C"5M25",B")8/>"C)H8*",8"Xf"B41;,1B6""LM1B1"B5H*,1B",8*,;251*"5M25"I)5M"=3Oe%#"28*"=3$&WY"M291"2"02[)+"

,042;5")8"2H5)2--+1-25,)8"28*"I,)C,/0"C)+025,)8",8"vitro6""VH+5M1+0)+1<"-+2419,81B",8C1;51*"N,5M"2"B5+2,8";2++>,8-"2"0H525,)8"

,8"=3Oe%#"*)"8)5"*191/)4"=,1+;1^B"*,B12B16""S1"M291"2/B)",8,5,251*"1U41+,0185B"5)";M2+2;51+,R1"=3O%$#<"=3O&$&<"28*"

=3OYeO<"5M1"5M+11"2H5)5+28B4)+51+B"4+1*,;51*"5)"M291"4+)51)/>5,;"2;5,9,5>6""S1"M291"-181+251*"B5+2,8B";)852,8,8-"B,8-/1"

0H525,)8B"28*"2"B5+2,8";)852,8,8-"0H525,)8B",8"I)5M"=3O%$#"28*"=3OYeO6""7U41+,0185B"2+1";H++185/>"H8*1+N2>"5)"-181+251"2"

B5+2,8";2++>,8-"0H525,)8B",8"2//"5M+11"-181B6""DM2+2;51+,R25,)8")C"5M1"5+,4/1"0H5285"BM)H/*"4+)9,*1",8B,-M5",85)"5M1"+)/1")C"5M1"

B1;+151*"B1+,81"4+)512B1B",8"5M1"Xf",8C1;5,)8";>;/16"

"

INTRODUCTION  

Xylella fastidiosa"PXfQ",B"2"a+20!81-25,91<"U>/10!/,0,51*"I2;51+,H0"28*",B"5M1";2HB25,91"2-185")C"=,1+;1^B"*,B12B1"P=3Q<"2"

*192B525,8-"*,B12B1")C"-+2419,81B"PC)+"2"+1;185"+19,1N<"B11"PDM2551+[11"15"2/6"%OO#QQ6""LM1"2I,/,5>")C"Xf"5)";)/)8,R1"-+2419,81B"

28*"5)",8;,51"*,B12B1",B"*1418*185"H4)8"5M1";242;,5>")C"5M,B"I2;51+,H0"5)"4+)*H;1"2"*,91+B1"B15")C"9,+H/18;1"C2;5)+B6""@28>")C"

5M1B1"9,+H/18;1"C2;5)+B"2+1"4+)51,8B"5M25"0HB5"I1"B1;+151*"5)"5M1"I2;51+,2/";1//"BH+C2;1")+"+1/12B1*",85)"5M1"1U51+82/"189,+)80185"

I1C)+1"5M1>";28";)85+,IH51"5)"425M)-18,;,5>6""T8"a+20!81-25,91"I2;51+,2<"5M,B"B1;+15,)8");;H+B"5M+)H-M")81")C"B1918"02[)+"

425MN2>B<"L>41B"T"5)"_T"28*"5M1";M241+)81!HBM1+"425MN2>B"P]18*1+B)8"15"2/6"%OO\<"])*2F"28*"m2;)I!3HIH,BB)8"%OOW<"

D2B;2/1B"%OO#Q6""LM1B1"425MN2>B"2+1"M,-M/>";)8B1+91*"28*"1UM,I,5"CH8;5,)82//>"*,B5,8;5"01;M28,B0B")C"4+)51,8"B1;+15,)86"""

"

Z81")C"5M1"B,04/1B5"B1;+15,)8"01;M28,B0B",B"1UM,I,51*"I>"5M1".L!$"2H5)5+28B4)+51+B<"2"BHI;251-)+>")C"L>41"_"B1;+15,)8"

B>B510B"P]18*1+B)8"15"2/6"%OO\<"])*2F"28*"m2;)I!3HIH,BB)8"%OOWQ6"".L!$"B>B510B"2+1"*1*,;251*"5)"5M1"B1;+15,)8")C"2"B,8-/1"

B41;,C,;"4)/>4145,*1";2//1*"5M1"42BB18-1+"*)02,8"2;+)BB"5M1")H51+"010I+2816""_,+H/18;1"CH8;5,)8B"2BB);,251*"N,5M"42BB18-1+"

*)02,8B",8;/H*1"4+)51)/>5,;"2;5,9,5><"2*M1+18;1<"I,)C,/0"C)+025,)8<",85+2;1//H/2+"0)5,/,5><";>5)5)U,;"2;5,9,5><")+"025H+25,)8")C"

28)5M1+"9,+H/18;1"*151+0,82856""E2B1*")8"-18)0,;"282/>B,B<"5M1+1"2+1"B,U"010I1+B")C"5M1".L!$"2H5)5+28B4)+51+"C20,/>",8"

Xf!=36""VH8;5,)82/"B1XH18;1"4+1*,;5,)8B")C"5M1B1"-181B",8*,;251"5M25"5M+11")C"5M1B1"B1;+151*"4+)51,8B"M291"4+)51)/>5,;"2;5,9,5>"

P=3%$#<"=3O&$&<"=3OYeOQ<")81"4+)51,8"M2B"/,42B1k1B51+2B1"2;5,9,5>"P=3$#WYQ<"28*"5N)")C"5M1"4+)51,8B"18;)*1"528*10"+14125B"

)C"2"eO!hO"20,8)"2;,*"0)5,C"5M25",B")8/>"C)H8*",8"Xf"B41;,1B"P=3Oe%#<"=3$&WYQ6""7B52I/,BM,8-"5M1"+)/1")C"5M1B1"B1;+151*"

4+)51,8B",8"Xf";1//"4M>B,)/)->"28*"9,+H/18;1"N,//"4+)9,*1"81N"52+-15B"C)+"+1B12+;M1+B"5)"HB1",8"-181+25,8-"52;5,;B"5M25"*,B+H45"

5M1"2I,/,5>")C"Xf"5)";)/)8,R1"4/285"5,BBH1"28*"5)",8,5,251"5M1"=3"*,B12B1";>;/1",8"BHB;145,I/1"-+2419,81B6"

"

OBJECTIVES 

LM1"4+,02+>"-)2/")C"5M,B"4+)[1;5",B"5)"*151+0,81"5M1"+)/1")C"5M1"B,U"Xf!=3"2H5)5+28B4)+51+"4+)51,8B"28*"5M1,+"42BB18-1+"*)02,8B"

,8"Xf ;1//H/2+"4M>B,)/)->"28*"9,+H/18;16""a,918"5M1",04)+528;1")C".L!$"4+)51,8B",8"5M1"9,+H/18;1")C")5M1+"a+20!81-25,91"

425M)-18B<",5",B"M,-M/>"/,F1/>"5M25"0)B5")C"5M1"Xf!=3".L!$"4+)51,8B"N,//"4/2>"28",04)+5285"+)/1",8"Xf"9,+H/18;16"

$6" a181+251"2"0H525,)8",8"12;M")C"5M1"B,U".L!$"-181B"28*"*151+0,81"5M1,+",042;5")8"Xf";1//"4M>B,)/)->"28*"9,+H/18;16""LM1"

;)8B5+H;5,)8")C"B5+2,8B";2++>,8-"*)HI/1"28*"5+,4/1"0H525,)8B",8"5M1"92+,)HB"2H5)5+28B4)+51+B",B"2/B)"42+5")C"5M,B")I[1;5,916"

%6" 7U20,81"5M1"I,);M10,;2/"4+)41+5,1B"28*"/);25,)8")C"5M1"B,U".L!$"42BB18-1+"*)02,8B6""=+,)+,5>"N,//"I1"-,918"5)"28>"-181"

,*185,C,1*",8":41;,C,;".,0"$6"

"

"

RESULTS AND DISCUSSION 

S1"M291"BH;;1BBCH//>"-181+251*"0H525,)8B",8"C,91")C"5M1"B,U".L!$"-181B"I>"5M1"-181"+14/2;10185"015M)*"PV1,/"15"2/6"%OO&Q6""

LM,B"4+);1*H+1",89)/91*"-181+25,8-"4/2B0,*B<"NM,;M";)852,8"28"285,I,)5,;"+1B,B528;1"02+F1+"C/28F1*")8"12;M"B,*1"I>"jWeO"

I2B1"42,+B")C"5M1"244+)4+,251";M+)0)B)02/"B1XH18;16""L)"C2;,/,5251"5M1";)8B5+H;5,)8")C"*)HI/1"28*"5+,4/1"0H5285B<")81")C"C)H+"

*,CC1+185"285,I,)5,;"+1B,B528;1"02+F1+B"N2B"HB1*'"";M/)+204M18,;)/"PD0(Q<"1+>5M+)0>;,8"P70(Q<"-18520,;,8"Pa0(Q<")+"

F2820>;,8"PK8(Q6""LM1"+1BH/5,8-"4/2B0,*B"N1+1"5M18",85+)*H;1*",85)"Xf"I>"1/1;5+)4)+25,)86"Xf ;1//B ;)852,8,8-"5M1"*1B,+1*"

0H525,)8B"N1+1",*185,C,1*"I>"4/25,8-"5M1";1//B")85)"285,I,)5,;!;)852,8,8-"=3&"4/251B6""=)/>01+2B1";M2,8"+12;5,)8"P=D(Q"N2B"
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5M18"HB1*"5)";)8C,+0"5M25"2"*)HI/1";+)BB)91+"19185"M2*");;H++1*"I15N118"5M1"*,B+H451*"-181";2++,1*")8"5M1"4/2B0,*"28*"5M1"

N,/*!5>41"-181")8"5M1"Xf";M+)0)B)016"

"

L)"*251<"5M,B"B1+,1B")C"1U41+,0185B"M2B"+1BH/51*",8"5M1";)8B5+H;5,)8")C"C,91"B5+2,8B";2++>,8-"2"0H525,)8",8")81")C"5M1".L!$"

2H5)5+28B4)+51+B6""S1"M291"2/B)"-181+251*"2"B5+2,8<"NM,;M";2++,1B"2"0H525,)8",8"=3OWY\6""./5M)H-M"=3OWY\",B"8)5"4+1*,;51*"5)"

18;)*1"28".L!$"2H5)5+28B4)+51+")+"5)"I1"/);2/,R1*"5)"5M1")H51+"010I1+<",5",B";/2BB,C,1*"2B"2"42+2/)-")C"=3Oe%#"28*"=3$&WY"

I2B1*")8",5B"B,0,/2+,5>"5)"5M1,+"42BB18-1+"*)02,8B6"":,8;1"=3OWY\"0,-M5"I1"B1;+151*"5)"5M1";1//"BH+C2;1"I>"2"*,CC1+185"5>41")C"

B1;+15,)8"B>B510<"N1"*1;,*1*"5)",8;/H*1",5",8")H+";M2+2;51+,R25,)8")C"5M1"=3Oe%#"28*"=3$&WY"42BB18-1+"*)02,8B6"" 

"

DM2+2;51+,R25,)8")C"5M1".L!$"2H5)5+28B4)+51+B"N,5M"Xf!B41;,1B"B41;,C,;"42BB18-1+"*)02,8B'"

LM1"42BB18-1+"*)02,8B")C"=3Oe%#"28*"=3$&WY";)852,8"528*10"+14125B")C"2"eO!hO"20,8)"2;,*"0)5,C6""=3Oe%#";)852,8B"B,U"

;)4,1B")C"5M,B"+14125<"NM1+12B"=3$&WY";)852,8B"5M+11";)4,1B6""LM1,+"42+2/)-"=3OWY\";)852,8B"C)H+";)4,1B6""L)",891B5,-251"5M1"

+)/1")C"5M,B"Xf!B41;,1B"B41;,C,;"0)5,C",8";1//"4M>B,)/)->"28*"9,+H/18;1<"N1"C,+B5"-181+251*"B5+2,8B"5M25";2++,1*"2"B,8-/1"0H525,)8"

,8"12;M")C"5M1"-181B'"L.@$O&"P=3Oe%#''D0(Q<"L.@$%W"P=3$&WY''a0(Q<"28*"L.@$\e"P=3OWY\''70(Q6""S1"5M18"I1-28"5)"

;)8B5+H;5"B5+2,8B";)852,8,8-"0H525,)8B",8"0H/5,4/1"-181B6""L)"*251<"5N)")C"5M1B1"B5+2,8B"M291"I118"-181+251*'""5M1"*)HI/1"

0H5285"L.@$%#"P=3Oe%#''D0(<"=3$&WY''a0(Q"28*"5M1"5+,4/1"0H5285"L.@$\O"P=3Oe%#''D0(<"=3$&WY''a0"(<"

=3OWY\''70(Q6"

"

"

Table 1.""=+)41+5,1B")C"B5+2,8B";2++>,8-"0H525,)8B",8"-181B"M29,8-"5M1"Xf!

B41;,1B"B41;,C,;"0)5,C6 

Strain Mutations 
Doubling 

Time (hr) 

Clumping in 

Liquid 

Biofilm 

formation 

L101;H/2"

"

S,/*!5>41"

"

$&6#"

"

``"

"

O6ee"�"O6$&"

"

L.@$O&" =3Oe%#''D0(" $&6e" `" O6&\"�"O6$\"

L.@$%W" =3$&WY''a0(" $&6Y" `" O6\%"�"O6$&"

L.@$\e"" =3OWY\''70(" $&6\" `" O6%Y"�"O6O\"

L.@$%#"

"

=3Oe%#''D0("

=3$&WY''a0("
$&6W"

"

`" O6%&"�"O6OW"

"

L.@$\O"

"

=3Oe%#''D0("

=3$&WY''a0("

=3OWY\''70("

$&6e"

"

`" O6%&"�"O6$$"

"

"

"

LM1"81U5"B514"N2B"5)",891B5,-251"5M1",042;5")C"5M1B1"0H525,)8B")8"Xf";1//"4M>B,)/)->6"".B"BM)N8",8"Table 1<"5M1"-+)N5M"+251"

)C"Xf",B"8)5"2CC1;51*"I>"5M1"1/,0,825,)8")C"-181B";2++>,8-"5M1"Xf!B41;,1B"B41;,C,;"42BB18-1+"*)02,86""])N191+<"1918"B,8-/1"

0H525,)8B"M2*"28",042;5")8"5M1"2I,/,5>")C"Xf"5)"C)+0";/H04B",8"/,XH,*"28*"2"I,)C,/0")8"2"-/2BB"BH+C2;16""LM,B"N)H/*"BH--1B5"

5M25"2//"5M+11"-181B";)85+,IH51"5)"5M1"2I,/,5>")C"Xf"5)"2H5)2--+1-251"28*"5)"C)+0"2"I,)C,/0")8"2"B)/,*"BH+C2;16"

"

.8)5M1+"015M)*"C)+"*151+0,8,8-"5M1";)85+,IH5,)8")C"5M1",8*,9,*H2/"Xf!B41;,1B"B41;,C,;"42BB18-1+"*)02,8B"5)";1//"4M>B,)/)->"

28*"9,+H/18;1",B"5)"1U4+1BB"5M1"4+)51,8",8"2"M151+)/)-)HB"B>B5106""LM,B"B5+251->"M2B"I118"HB1*"5)"-181+251"E. coli"B5+2,8B"5M25"

*,B4/2>"5M1"42BB18-1+"*)02,8")C"M151+)/)-)HB"2H5)5+28B4)+51+"4+)51,8B")8"5M1,+";1//"BH+C2;16""LM1B1"+1;)0I,8285"B5+2,8B"M291"

I118"104/)>1*"C)+"I,8*,8-"2BB2>B<"C)+"*191/)4,8-"285,I)*>"B41;,C,;,5>"51B5B<"28*"C)+"1U4)B,8-"285,-18,;"*151+0,8285B"C)+"

92;;,81"*191/)40185"Pu28-"15"2/6"%OO\Q6""T8"/2B5">12+^B":>04)B,H0"(14)+5"PT-)"%OOWQ<"N1"*1B;+,I1*")H+"BH;;1BBCH/"HB1")C"

5M,B"B5+251->"C)+"282/>R,8-"5M1"=3Oe%#"42BB18-1+"*)02,86"":41;,C,;2//><"N1",85+)*H;1*"5M1"4/2B0,*"4.@h$<"NM,;M";2++,1B"5M1"

-181"18;)*,8-"=3Oe%#",85)"5M1"E. coli"B5+2,8"ALehOO6""ALehOO<"NM,;M"M2B"I118"HB1*"5)"1U4+1BB")5M1+"2H5)5+28B4)+51+"

4+)51,8B<",B"*1C,;,185",8"5M1")H51+"010I+281"4+)512B1B"Z04L"28*"Z04=6""LM1"4+1B18;1")C"5M1"=3Oe%#"-181",8"ALehOO"

PALehOOk4.@h$Q"+1BH/5B",8"2H5)2--+1-25,)8"28*"5M1"C)+025,)8")C"2"I,)C,/0<"4+)41+5,1B"8)5"8)+02//>"*10)8B5+251*"I>"5M1"

42+1852/"E. coli"B5+2,86""LMHB<"1U4+1BB,)8")C"=3Oe%#",8"E. coli"1B52I/,BM1B"5M25"=3Oe%#"4/2>B"2"*,+1;5"+)/1",8"2H5)+1-H/25,)8"

28*"I,)C,/0"C)+025,)8",8"5M,B"M151+)/)-)HB"B>B510"28*"I>",8C1+18;1<",8"Xf6""

"

3H+,8-"5M1"41+,)*"H8*1+"+19,1N<"N1"41+C)+01*"2"0)+1"*152,/1*"282/>B,B")C"5M1"E. coli"B5+2,8";)852,8,8-"5M1"=3Oe%#"-1816""L)"

C2;,/,5251"5M,B"282/>B,B<"N1"-181+251*"28"285,I)*>"5)"5M1"=3Oe%#"42BB18-1+"*)02,8"28*"5M18"HB1*",5"5)"41+C)+0"S1B51+8"

282/>B,B")8"ALehOO"28*"ALehOOk4.@h$6"".B"1U41;51*<"5M1"285,I)*>"*,*"8)5"M>I+,*,R1"5)"28>"4+)51,8B",8"ALehOO"28*"

+1;)-8,R1*"2"B,8-/1"I28*",8"ALehOOk4.@h$"5M25";)++1B4)8*B"5)"5M1"4+1*,;51*"B,R1")C"5M1"=3Oe%#"4+)51,86""S1"81U5"

1U20,81*"5M1"/);25,)8")C"=3Oe%#",8"E. coli6""AB,8-"2"4+)512B1"2;;1BB,I,/,5>"2BB2>"Pu18"15"2/6"%OOWQ<"N1"1B52I/,BM1*"5M25"

=3Oe%#",B"4+1B185")8"5M1"E. coli";1//"BH+C2;16""LM1"=3Oe%#"285,I)*>"N2B"2/B)"HB1*"5)"41+C)+0",00H8)C/H)+1B;18;1"

0,;+)B;)4>6"L)-15M1+<"5M1B1"+1BH/5B",8*,;251*"5M25"=3Oe%#",B"/);2/,R1*"5)"5M1"E. coli"BH+C2;1"28*"BH--1B5"5M25"5M1";)04)8185B"

81;1BB2+>"C)+"B1;+15,8-"2H5)5+28B4)+51+B"/,F1"=3O%e#"5)"5M1";1//"BH+C2;1"2+1";)8B1+91*"I15N118"E. coli"28*"Xf6"

"
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S1"2/B)"41+C)+01*"S1B51+8"282/>B,B")8"2"8H0I1+")C"Xf"B5+2,8B6""T8")81"B5H*><"N1"1U20,81*"5M1"B41;,C,;,5>")C"5M1"=3Oe%#"

285,I)*>"I>";)042+,8-"5M1"M>I+,*,R25,)8"42551+8")I52,81*"C)+"5M+11"Xf"B5+2,8B'"L101;H/2<"L.@$O&"P=3Oe%#''D0(Q<"28*"

L.@$%W"P=3$&WY''a0(Q6""LM,B"B5H*>"+1912/1*"5M25"285,I)*>"02*1"N,5M"5M1"=3Oe%#"42BB18-1+"*)02,8"*)1B"8)5"M>I+,*,R1"5)"

5M1"=3$&WY"4+)51,86""a,918"5M1"C2;5"5M25"5M1+1",B")8/>"jeOf",*185,5>"I15N118"5M1"5N)"4+)51,8B<"5M,B",B"8)5"BH+4+,B,8-6""E2B1*"

)8"5M,B"+1BH/5<"N1"4/28"5)"HB1"5M1"=3Oe%#"285,I)*>"5)"1U20,81"5M1"/);2/,R25,)8")C"=3Oe%#"5)"5M1"Xf ;1//"BH+C2;1"HB,8-"5M1"

4+)512B1"2;;1BB,I,/,5>"2BB2>"28*",00H8)C/H)+1B;18;1"0,;+)B;)4>6"

"

V,82//><"N1"1U20,81*"5M1",042;5")C"5M1"2IB18;1")C"=3Oe%#")8"Xf"9,+H/18;1"in planta.""T8"5M,B"1U41+,0185<"-+2419,81B"N1+1"

,8C1;51*"I>"4,84+,;F"HB,8-"5M1"4+)5);)/"4+)9,*1*"I>")H+";))41+25)+"3+6"E+H;1"K,+F425+,;F"PaH,/M2I1+5"28*"K,+F425+,;F"%OOeQ6""

E+,1C/><"Xf-L101;H/2"28*"L.@$O&"N1+1"-+)N8"25"%#(D")8"=3&"4/251B6""LM1";1//B"N1+1"M2+91B51*"2C51+"W!$O"*2>B"28*"5M1"

BHB418B,)8"N2B"2*[HB51*"5)"2";)8;185+25,)8")C"$OY;1//Bk0/6"LM18<"%O"r/")C"5M1"2*[HB51*"BHB418B,)8"N2B"HB1*"5)",8);H/251"5M+11"

LM)04B)8"B11*/1BB"-+2419,81B"I>"5M1"B528*2+*"4,84+,;F"015M)*6""LM1"42+1852/"L101;H/2"N,/*"B5+2,8"B1+91*"2B"2"4)B,5,91"

;)85+)/<"NM1+12B"2"N251+",8);H/25,)8"B1+91*"2B"2"81-25,91";)85+)/6"LM1"9,81B"N1+1"5M18"0)8,5)+1*"C)+"B>045)0"*191/)401856""

"

"

"
"

Figure 1.  =3Oe%#",042;5B"Xf"9,+H/18;1"in planta6".8"Xf BHB418B,)8")C"L101;H/2")+"

L.@$O&"N2B"HB1*"5)",8);H/251"LM)04B)8"B11*/1BB"-+2419,81B"HB,8-"5M1"B528*2+*"

4,84+,;F"015M)*6""LM1B1"4M)5)-+24MB"BM)N"2"+14+1B18525,91"9,81"$h"N11FB"2C51+",8C1;5,)86"""

"

"

.B"BM)N8",8"Figure 1<"5M1"9,81",8);H/251*"N,5M"L.@$O&"*)1B"8)5"1UM,I,5"5M1"B>045)0B"2BB);,251*"N,5M"=,1+;1^B"*,B12B1<"

BH--1B5,8-"5M25"=3Oe%#"4/2>B"28",04)+5285"+)/1",8"Xf 9,+H/18;16"".B"1U41;51*<"B>045)0B"N1+1")IB1+91*",8"5M1"-+2419,81B"

,8);H/251*"N,5M"Xf-=3"L101;H/2"28*"N1+1"8)5")IB1+91*",8"5M1"-+2419,81B",8);H/251*"N,5M"N251+6""L)";)8C,+0"5M1"4+1B18;1")C"

Xf",8"I)5M"5M1"L101;H/2!,8C1;51*"28*"L.@$O&!,8C1;51*"9,81B<"415,)/1"5,BBH1B"C+)0"12;M"9,81"N1+1"M2+91B51*")81",8;M"28*"B,U"

,8;M1B"2I)91"5M1",8);H/25,)8"B,51B6""LM1"B204/1B"N1+1"5M18"4+);1BB1*"HB,8-"4HI/,BM1*"4+)5);)/B"PaH,/M2I1+5"28*"K,+F425+,;F"

%OOeQ6"":1+,2/"*,/H5,)8B")C"5M1"B204/1B"N1+1"02*1"28*"4/251*")85)"=3&6""LM1"4/251B"N1+1"5M18",8;HI251*"25"%#(D"C)+"W!$O"*2>B"

28*"5M1"8H0I1+B")C"Xf";)/)8,1B"N1+1";)042+1*6"Xf";)/)8,1B"N1+1")IB1+91*")8"I)5M"B15B")C"=3&"4/251B<";)8C,+0,8-"5M1"

4+1B18;1")C"Xf ,8"5M1"L101;H/2!,8C1;51*"28*"L.@$O&!,8C1;51*"9,81B6""T851+1B5,8-/><"5M1"L.@$O&!,8C1;51*"9,81B"24412+1*"5)"

M291"244+)U,0251/>"$O!C)/*"C1N1+"Xf";1//B6""])N191+<"CH+5M1+"1U41+,0185B"2+1"811*1*"5)"*151+0,81"NM15M1+")+"8)5"5M,B"$O!

C)/*"*,CC1+18;1",B"B,-8,C,;2856"

"

DM2+2;51+,R25,)8")C"5M1".L!$"2H5)5+28B4)+51+B"N,5M"BHI5,/,B,8!/,F1"B1+,81"4+)512B1"42BB18-1+"*)02,8B'"

LM1"42BB18-1+"*)02,8B")C"5M+11".L!$"2H5)5+28B4)+51+"4+)51,8B"P=3O%$#<"=3O&$&<"28*"=3OYeOQ"2+1"4+1*,;51*"5)"18;)*1"

BHI5,/,B,8!/,F1"B1+,81"4+)512B1B"PE251028"15"2/6"%OO\Q6""7U5+2;1//H/2+"BHI5,/,B,8!/,F1"B1+,81"4+)512B1B"M291"I118",04/,;251*",8"

*1C18B1<"-+)N5M")8"4+)51,82;1)HB";)04)H8*B<"28*"5M1"4+)51)/>5,;"025H+25,)8")C"9,+H/18;1"C2;5)+B"P]18*1+B)8"15"2/6"%OO\Q6""T8"

)+*1+"5)",891B5,-251"5M1"+)/1")C"5M1B1"-181B",8"Xf 425M)-18,;,5><"N1"C,+B5"-181+251*"8H//"0H525,)8B",8"12;M")C"5M1B1"-181B"28*"

5M18"1U20,81*"5M1,+",042;5")8"Xf";1//"4M>B,)/)->6"".B"BH002+,R1*",8"Table 2<"5M1"0H525,)8",8"=3O%$#"2CC1;5B";/H04,8-",8"

/,XH,*"28*"I,)C,/0"C)+025,)8<"NM1+12B"5M1"0H525,)8",8"=3OYeO")8/>"2CC1;5B";/H04,8-",8"/,XH,*6""T8";)85+2B5<"5M1"0H525,)8",8"

=3O&$&"*)1B"8)5"24412+"5)"2CC1;5";/H04,8-",8"/,XH,*<"IH5"02>"+1BH/5",8",8;+12B1*"I,)C,/0"C)+025,)86""./5M)H-M"B5,//"

4+1/,0,82+><"5M1B1"+1BH/5B"BH--1B5"5M25"5M1"4+)51)/>5,;"2;5,9,5,1B")C"5M1"=3O%$#<"=3O&$&<"28*"=3OYeO"42BB18-1+"*)02,8B"02>"

02F1"*,CC1+185";)85+,IH5,)8B"5) Xf-=3"4M>B,)/)->"28*"9,+H/18;16"

"

"

L.@$O& N251+L101;H/2"



!"$$W"!" "

Table 2.""=+)41+5,1B")C"B5+2,8B";2++>,8-"0H525,)8B",8"-181B"M29,8-"2"B1+,81"

4+)512B1"42BB18-1+"*)02,86 

Strain Mutations 
Appearance of 

Single Colonies 

Clumping 

In Liquid 

Biofilm 

Formation 

L101;H/2" S,/*!5>41" h!#"*2>B" ``" O6ee"�"O6$&"

L.@$\#" =3O%$#''D0(" h!#"*2>B" `" O6&\"�"O6OY"

L.@$OO" '=3O&$&''K0(" h!#"*2>B" ``" O6WY"�"O6$$"

L.@$\W" =3OYeO''70(" h!#"*2>B" `" O6eO"�"O6O&"

L.@$\Y"

"

=3O%$#''D0("

=3OYeO''70("
h!#"*2>B"

"
`"

O6\\"�"O6OW"

"

 

 

REFERENCES CITED 

E251028<".6<"et al6"%OO\6"LM1"=C20"4+)51,8"C20,/,1B"*252I2B16"JH;/1,;".;,*B"(1B"&%'"3$&#!\$6"

D2B;2/1B<"76"%OO#6"LM1"5>41"_T"B1;+15,)8"5))/F,56"7@EZ"(146"Y'"W&e!W\$6"

DM2551+[11<":6<"(6"=6"=6"./01,*2<"28*":6"d,8*)N6"%OO#6"d,9,8-",8"5N)"S)+/*B'"LM1"=/285"28*"T8B1;5"d,C1B5>/1B")C"Xylella 

fastidiosa6".88H2/"(19,1N")C"=M>5)425M)/)->"\h'"%\&!%W$6"

V1,/<"]6<"S6"V1,/<"m6"31551+<".6"=H+;1//<"28*":6"d,8*)N6"%OO&6":,51!*,+1;51*"*,B+H45,)8")C"5M1"fimA"28*"fimF"C,0I+,2/"-181B")C"

Xylella fastidiosa6"=M>5)425M)/)->"Y&'"hWe!h#%6"

aH,/M2I1+5<"@6<"28*"E6"K,+F425+,;F6"%OOe6"T*185,C,;25,)8")C"Xylella fastidiosa"285,9,+H/18;1"-181B'"]102--/H5,8,8"2*M1B,8B"

;)85+,IH51"5)"X. fastidiosa"I,)C,/0"025H+25,)8"28*";)/)8,R25,)8"28*"25518H251"9,+H/18;16"@)/1;H/2+"=/285!@,;+)I1"

T851+2;5,)8B"$#'"#eh!#h#6"

]18*1+B)8<"T6"(6<"V6"J292++)!a2+;,2<"@6"31B92HU<"(6"D6"V1+828*1R<"28*"36"./2y./*1186"%OO\6"L>41"_"4+)51,8"B1;+15,)8"

425MN2>'"5M1"2H5)5+28B4)+51+"B5)+>6"@,;+)I,)/"@)/"E,)/"(19"h#'"hY%!W\\6"

])*2F<"]6<"28*"V6"m2;)I!3HIH,BB)86"%OOW6"DH++185";M2//18-1B",8"2H5)5+28B4)+5"28*"5N)!42+581+"4+)51,8"B1;+15,)8"425MN2>B6"

(1B12+;M",8"@,;+)I,)/)->"$e#'"h&$!h&W6"

T-)<"@6"@6"%OOW6"LM1"()/1")C"L>41"_":1;+15,)8".H5)5+28B4)+51+B",8"5M1"_,+H/18;1")C"Xylella fastidiosa<"446"$\O!$\&<"=,1+;1yB"

3,B12B1"(1B12+;M":>04)B,H0<"D2/,C)+8,2"3142+50185")C"V))*"28*".-+,;H/5H+1<":28"3,1-)<"D.6"

u28-<"L6"]6<"m6"a6"=28<"u6":6":1)<"28*"m6":6"(M116"%OO\6"AB1")C"Pseudomonas putida 7B5."2B"28"28;M)+,8-"0)5,C"C)+"*,B4/2>"

)C"2"41+,4/2B0,;"18R>01")8"5M1"BH+C2;1")C"Escherichia coli.".44/"789,+)8"@,;+)I,)/"WO'"hYh#!Wh6"

u18<"u6"L6<".6"K2+F2/<"@6"EM2552;M2+>2<"(6"D6"V1+828*1R<"28*"D6":525M)4)H/)B6"%OOW6"T*185,C,;25,)8"28*";M2+2;51+,R25,)8")C"

2H5)5+28B4)+51+"4+)51,8B")C Yersinia pestis."KT@6"@)/"@10I+"E,)/"%\'"%#!\O6"

"

FUNDING AGENCIES"
VH8*,8-"C)+"5M,B"4+)[1;5"N2B"4+)9,*1*"I>"5M1"A8,91+B,5>")C"D2/,C)+8,2"=,1+;1^B"3,B12B1"a+285"=+)-+206"

"


